In this paper, we have investigated the electrostatic electron Bernstein waves in a collisionless magnetized plasma using the Cairns distribution function. In this regard, we have derived a generalized dielectric constant for the Bernstein waves and derived the modi…ed dispersion relation in the presence of Cairns distribution function. We have found that the dispersion curves for the electron Bernstein waves using the Cairns distribution
Introduction
The satellite missions in astrophysical and space plasmas have regularly observed particle distribution functions that are quasi-Maxwellian up to the mean thermal velocities and possess non-Maxwellian suprathermal tails at high velocities or energies [1] , [2] . These so-called nonthermal plasmas have been ubiquitously found in the magnetospheres of Earth, Mercury, Saturn, and Uranus, and in the solar wind [3] , [4] . The observed distributions of charged particles have been well …tted with a generalized Lorentzian distribution, since it …ts both the thermal as well as the suprathermal parts of the observed energy velocity spectra [1] , [3] , [5] , [2] , [6] , [7] . The spectral index quanti…es the slope of the energy spectrum of the suprathermal particles forming the tail of the velocity distribution function; the smaller the value of , the more suprathermal particles in the distribution function tail and the harder the energy spectrum. kappa distributions approach the Maxwellian as > 1.
The other commonly employed distribution to study the distributions far removed from Maxwellian distribution is Cairns distribution. Cairns distribution was successfully used to explain the rarefactive ion-acoustic solitary waves observed by the Freja satellite. Cairns et. al. [8] showed that the presence of a non-Maxwellian distribution of electrons could trans…gure the nature of nonlinear density excitations to allow for the existence of structures observed by the Freja and Viking satellites [9] , [10] . Various studies have shown that the non-Maxwellian distributions signi…cantly modify the linear and nonlinear propagation of waves in plasmas [11] , [12] , [13] . [15] , [16] . The existence of the electrostatic waves near the harmonics of the gyro-frequency was a totally new e¤ect and had no counterpart in the ‡uid theory. It was anticipated that there might be some cyclotron damping for the hot plasma in the direction perpendicular to the ambient magnetic …eld but none was found. It was later realized that this happens because for zero parallel propagation vector, the resonance velocity turns out to be in…nite and hence no particles resonate with the waves. However, the inclusion of a non-zero parallel propagation vector showed the reappearance of the cyclotron damping [14] .
Electron Bernstein waves are a useful diagnostic tool for spherical tokamaks and can be used for measurement of the local electron temperature if one can detect their intensities and identify their birth positions [17] . In space plasmas, these waves have also been routinely observed by spacecrafts, emitted from the magnetized plasma of Jupiter moon Io [18] . Mace [19] studied the electron Bernstein waves for isotropic kappa distribution, and derived the dispersion relation using Gordeyev-type integral. Later, he extended the work for explaining the banded emission in planetary magnetospheres. Meyer-Vernet et al. [20] showed that the weakly banded emission from the Jupiter magnetosphere between consecutive gyroharmonics frequency is quasithermal noise in Bernstein waves. Deeba et. al. [21] investigated the electron Bernstein waves using the kappa and r,q distribution and found that the both the distributions show a deviation from the Maxwellian results.
In the present investigation, by employing the kinetic theory of plasmas, we study the electron Bernstein waves in a hot collisionless magnetoplasma using the Cairns distribution function. The manuscript is organized in the following fashion. In Sec 2, we have presented a mathematical model for Bernstein waves using the linearized Vlasov model. In Section 3, we have derived the generalized dielectric constant for a hot, magnetized, collisionless plasma using the Cairns distribution function. In Section 4, we have presented the results and discussion 
Kinetic treatment of electron Bernstein waves
Consider a uniform, collisionless, hot plasma embedded in a constant magnetic …eld such that B o = B oẑ . We use standard Vlasov model to study the electrostatic Bernstein waves. It is pertinent to mention here that electron Bernstein waves are purely kinetic and have no counterpart in ‡uid theory. The ion contribution has been ignored here owing to its much larger mass by comparison with electrons. The wave propagation vector k is con…ned to the xz-plane so
then be written as
where a = e=m e [(E + v B)]. For linearization we split the distribution function into the unperturbed and perturbed parts i.e. f = f o + f 1 . Similarly E = E 1 and B 1 = 0 since we are dealing with electrostatic waves. After linearization and collecting the …rst order terms we have
For electrostatic case, we substitute E 1 = r 1 in equation (1) and obtain
Rearranging the above equation yields
which is the linear di¤erential equation of …rst order for f 1 , where, s = i! and
The solution of Eq.(3) can be written as
and upon substituting E 1 = r 1 , we get
Inserting the value of the perturbed distribution function from Eq. (4) in Eq.
(6) yields 0
relation for the electrostatic Bernstein waves will be [14] (k; !) = 0 = 1 
where f o is the equilibrium distribution function which is Cairns distribution for our case and is given by 
Bernstein Waves For Cairns Distribution
Taking the derivative of the distribution function ( i.e. Eq. (10)) w.r.t. the perpendicular velocity and substituting it in Eq. (11) yields
We …rst consider the perpendicular integral from above equation i.e. 
The solution of the above integral is 4 (1 + p)
Inserting the results of perpendicular and parallel integrations in Eq. (12), we
; where = k ? v th =! ce , I p (b) is the modi…ed Bessel function, ! pe is the electron plasma frequency, ! ce is the electron cyclotron frequency and the function p ( ) contains all the modi…cations due to the presence of Cairn's distribution instead of Maxwellian distribution and is given by
where )). It can be seen that it turns out to be the same as given by Gurnett and Bhattacharjee [14] .
Results and Discussion
In this paper, we have adopted the procedure used by Gurnett and Bhattacharjee [14] to derive the dispersion relation for the electron Bernstein waves using the Cairns distribution function. Equation (18) shows that the function p gets signi…cantly modi…ed owing to the presence of nonthermality parameter : It is pertinent to mention here that the function p reduces to the function given by Gurnett and Bhattacharjee [14] in the limit goes to zero. Plots of p as function of are shown in Figure ( It is instructive to mention here that no cyclotron damping occurs for the exact perpendicular propagation of electron Bernstein waves as that would imply an in…nite resonant velocity with which no wave can resonate. However, for a non-zero parallel propagation vector, the damping reappears.
Conclusions
Employing the linear Vlasov kinetic theory, we have explored here the dispersion characteristics of the electrostatic electron Bernstein waves in a collisionless magnetized plasma using the Cairns distribution function. We have found that the Cairns distribution signi…cantly modi…es the dispersion relation of electron Bernstein waves. We have closely followed the procedure adopted by Gurnett and Bhattacharjee to derive the electron Bernstein waves where they were derived using the Maxwellian distribution. It has been found that the function used to plot the dispersion relation by Gurnett and Bhattacharjee [14] 
